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"We, The Honourable Sir Charles 
Algeenon Pabsons, cm., K.C.B., of 
Heaton Works, Newcastle-on-Tyne, in the 
County of Northumberland, a British 
5 subject, and Harut Casmet Rands, of 
206, Kedleston Road, Derby, in the 
County of Derbyshire, a British subject, 
do hereby declare the nature of this 
invention to be as follows : — 

The invention relates generally to 
mirrors and. is particularly applicable to 
those of large dimensions used for 
astronomical purposes in telescopes, 
coelostats or the like. 

The main object of the invention is to 
provide an improved mirror of the tjrpe 
indicated which, especially in respect of 
certain features to be pointed out below, 
shall be an improvement over those at 

20 present in use. 

With such an object : — 
The invention consists in a mirror or 
blank therefor of the kind indicated com- 
prising a member or part provided with 

25 or to be provided with a reflectino^ surface 
and an openwork or skeleton supporting 
strvctiire associated therewith. 

The invention also consists in a mirror 
or blank therefor of the kind indicated 

30 comprising two or more disca, plane or 
otherwise, similarly arranged and held in 
rigid relation by spacers. 

The invention further consists in a 
method of manufacturing a glass or like 

35 mirror or blank therefor of the land 
indicated which consists in assembling 
the member or part associated with the 
reflecting surface in relation to one or 
more similarly arranged parts, preferably 

40 of the same material, maintained in 
position by a series of spacers and raising 
the whole assembly to approximately the 
softening temperature, with or without 
pressure other than that due to gravity, 

45 so that the parts fuse or weld tosrether. 
The invention finally consists in the 
improved mirrors, blanks therefor and 
methods of manufacture hereinafter 
described or indicated. 

50 In carrying the invention into effect as 
applied, for example, to the production of 
silver-on-glass mirrors, advantage is taken 
of the well-known fact that two pieces of 



glass in contact will unite by fusion or 
welding with but slight deformation when 55 
their temperature is raised to the soften- 
ing point or thereabouts. 

According to one form applicable to 
the plane mirror of a coelostat, two equal 
circular plane discs of plate glass, which 60 
can be manufactured in large sheets and 
of a thickness up to about two inches, are 
aiTanged parallel to one another and 
spaced apart by means of a number of 
spacers, both di^cs and spacer^ being pre- 55 
ferably cut from the same sheet so that 
all the glass may have the same main 
characteristics, such as co-efficient of 
thermal expansion, heat conductivity, 
softening temperatui'e and so forth. The 70 
spacers, which are preferably of exactly 
the same length, should be ground and 
polished where they come in contact with 
the discs and distributed as uniformly as 
possible between them, e.g., according to 75 
one plan, the spacers may be arranged 
radially in a succession of annulL 

The components so assembled are then 
placed upon a flat and massive iron bed- 
plate, the surface of which is preferably SO 
coated with kaolin to prevent adhesion 
of the glass, and the whole is placed in a 
furnace; the temperature :< then gradu- 
ally raised to the softening point of the 
glass or thereabouts, when the pressure at 85 
the contact surfaces due to gravity causes 
the plates and spacers integrally to unite 
by fusion or welding. When cool the 
whole forms a rigid openwork blank 
the upper surface of which can then be 90 
ground, polished and figured to the 
required degree of accuracv. 

When building a parabolic mirror with 
a large radius of curvature, suitable for 
an astronomical telescope, it may be 95 
desirable to mould both the top and the 
bottom discs, to approximately the^ same 
desired curvature before the insertion of 
the spacers between them. 

If the mirror is of a comparatively 100 
small size, two circular discs as described 
may be sufficient, but for larger sizes 
three or more discs with interposed spacers 
may be used, the discs being spaced apart 
at equal or unequal distnnces, . 105 

The spacers may be of any suitable 
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cross-section and should be distributed so 
that the pressure on them per unit area 
is substantially uniform. 
In order to effect the necessary fusion 
5 or welding, it may be desirable to increase 
the pressure on the contacting surfaces of 
the spacers and plates, for example, by 
clamping or adding weights. Such addi- 
tional pressure may be employed in order 

10 to obtain fusion at a lower temperature 
and the term softening temperature " 
herein employed is intended to coyer this 
or any other case in which glass surfaces 
can be made to cohere under suitable con- 

15 ditions of temperature and pressure, " 

Although in general a mirror according 
to the present invention is preferably 
built up of plate glass, a pai-ticular 
method of manufacturing such a min*or 

20 being described above, neveiiieless, the 
preferably integral openwork skeleton 
structure may be manufactured of most 
other kinds of glass or silica or even of 
other materials and by other processes 

25 when desirable. . 

By virtue of the present invention, 
many difficulties attendant on the manu- 
facture and use of the usual solid silver- 
on-glass mirror are overcome. Thus, in 

30 the case of large mirrors as at present 
constructed, in order to obtain tlie neces- 
sary rigidity, the thickness is usually not 
less than one-sixth of the diameter and 
great difficulties are experienced, partly 

35 due to the limited size of the pots in which 
the glass is melted, in producing such 
large masses of glass of good quality and 
homogeneity. 
In addition, their great weight renders 

40 them cumbersome to handle not only 



during the different manufacturing stages, 
for example, figuring, silvering and test- 
ing, but also involves heavy and expen- 
sive mountings for their manipulation 
when in use. Further, a mirror of solid 45 
glass changes its temperatxue with 
extreme slowness in response to changes of 
temperature of the surrounding air and 
thus leads in some cases to internal strains 
and distortion. 50 

In contradistinction to such solid 
uiirrors, a mirror according to the present 
invention having an openwork or skeleton 
supporting structure is light and rigid 
while due to the circulation of the air 55 
through it, which may be artificially 
accelerated if desired, the structure us a 
whole rapidly responds to changes of tem- 
perature ; in addition with such a struc- 
ture, it is possible to secure more perfect 60 
annealing. 

Finally, openwork mirrors according to 
the present invention may be manufac- 
tm-ed of a size that would scarcely be 
possible with the solid type. " gg 

By use of the pj-esent invention, tliere- 
fore, many of the disadvantages of exist- 
ing mirroi's pointed out above are to a 
large extent overcome. 

Although HI oi'der to make clear the 70 
nature of the invention, particular tnrms 
thereof have been described in detail, 
nevertheless sucli detailed description is 
not intended to restrict the broad sc ope 
of the invention as set forth in certain of 75 
the opening paragraphs of this 
specification. 

Dated this 11th dav of Januarv, 1928. 

MAEKS & CLERK. 



COMPLETE SPECIFICATION. 

Improvements in and relating to Mirrors suitable for 
Astronomical Telescopes. 



We, The Honourable Sir Chaeles 
Algernon Parsons, O.M., K.C.B., of 

80 Heaton Works, ITewcastle-on-Tyne, in the 
County of Northumberland, a British 
subject, and Haurt Casmet Rands, of 
206, Kedleston Road, Derby, in the 
County of Derby, a British subject, 

85 do hereby declare the nature of this 
invention and in what manner the same 
is to be performed, to be particularly 
described and ascertained in and by the 
following; statement : — 

90 The inveution relates jreiierallr to 
inirrcrs and is particularly applicable to 
those of large .dimensions used for 
astronomical purposes in telescopes, 
ccelosi'.ts or the like. 

95 Th6 main object of the invention is to 



provide an improved mirror of the type 
indicated which, especially in respect of 
certain features to be pointed out below, 
shall be an improvement over those at 
present in use. 1^0 

With such an object : — 

The invention consists in a uurr<jr or 
blank therefor of the kind indicated coni- 
prising: a member or part provided with 
or to be provided with a reflecting surface i05 
and an openwcirk or skeleton sxipporting 
structure associated therewith. 

The invention also consists in a iwirror 1 
or blank therefor of the kind indicated . 
comprising two or more discs, plane or 
otherwise, similarly arranged and held in 
rif?id relation by spacers. 

The invention fiu'ther consists in a 
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method' of manufactTiriiig-a glass or like . or welding/ When cool the whole forms 

mirror or blank iieref or of . the • Idiid a rigid openwork hlanlc '\ the upper 
indicated which" coiisists in --assemblufg 'snrfa^ of which pan then be ground, 

the member or ^pari associated with t^ ' p^^^.^^ .^^^^S^^^'^P-^^® 

5 reflecting surface in reKtion'^ to; „ . * .* . ." 70 

more similarly ' arranged gai^s,' j^ireferab^^ ' Care_^ouid^b^ treatment 

of' the' "same . material,- -"maintaineB. "m - in the fitfna^^^ fba^'iio; gases come in con- 
"positioh By a'.series 'of' sjracm'&nd-^m^ ??9-Ai|y. 
the whole assembly id appfo^mateTy ^e'^"cbmp6sition'aii3/br prevent the parts weld- 

softening temperature, with' or without ing together. With this object, either an lyg 

pressm-e other than that due -to gravity, electrically heated furnace may be used 

so that the parts fuse or weld together, or the fuel may be purified ; alternatively. 

The invention finally consist's • in tiie the assembled elements may be enclosed in 

improved mirrors, blanks therefor -and a suitable container in which by means of 

jg methods of mannJacture hereinafter a fan or otherwise an atmosphere of pxire gg 

described or indicated. air or other suitable gas is maintained. 

In carrying the invention into effect as When building a parabolic mirror with 

applied, for example, to the production of a large radius of curvature, suitable for 

sQver-on-glass mirrors, advantage is taken an astronomical telescope, it may be 

20 of the well-known fact that two pieces of desirable to mould both the top and the gg 

glass in contact will unite by fusion or bottom discs, to approximately the same 

welding with but slight deformation when desired curvature before the insertion of 

their temperature is raised to the soften- the spacers between them, 
ing point or thereabouts. If the mirror is of a comparatively 

25 According to one form applicable to small size, two circular discs as described 90 

the plane mirror of a ccelostat, and shown may be sufficient, but for larger sizes 

in diagrammatic perspective in the accom- three or more discs with interposed spacers 

panying drawing, two equal circular plane may be used, the discs being spaced apart 

discs of plate glass, which can be manu- at equal or unequal distances. 

30 factured in large sheets and of a. thickness The spacers may be of any suitable 95 

up to about two inches, are arranged cross-section and should be distribiited so 

parallel to one another and spaced apart that the pressure on them per unit area 

by means of a number of spacers, both is substantially uniform, 
discs and spacers being preferably cut In order to effect the necessary fusion 

35 from the same sheet so that all the glass . or welding, it may be desirable to increase 100 

may have the same main characteristics, the pressure on the contacting surfaces of 

such as co-efficient of thermal expansion, the spacei-s and plates, for example, by 

heat conductivity^ softening temperature clamping or adding weights. Such addi- 

and so forth. The spacers, which are pre- tional pressure may be employed in order 

40 f erably of exactly the same length, should to obtain fusion at a lower temperature ^gs 

be ground and polished where they come and the term softening temperature 

in contact with the discs and distributed herein employed is intended to cover this 

as uniformly a's possible between them, or any other case in which glass surfaces 

e.g., according to one plan, the spacers can be made to cohere under suitable con- 

45 may be arranged radially in a succession ditions of temperature and pressure. HQ 
of annuli. Although in general a mirror according 

In order to prevent possible movement to the present invention is preferably 

of the spacers, they may be held in posi- built up of plate glass, a particular 

tion by a template perforated to receive method of manufacturing such a mirror 

50 them and supported on the bottom disc being described above, nevertheless, the ^^^5 

by small feet or lugs. Such a template preferably integral openwork skeleton 

may be made of thin sheet metal which, stnicture may be manufactured of most 

can be subsequently dissolved away by other kinds of glass or silica or even of 

acid or cut out in small pieces. other materials and by other processes 

85 The components so assembled are when desirable. ^ i20 
placed upon a flat and massive iron bed- By viiiiue of the present invention, 
plate, the surface of which, and if desired many difficulties attendant on the nianu- 
of the template, is preferably coated with facture and use of the usual solid silver- 
kaolin to prevent adhesion to the glass, on-glass mirror are overcome. 

60 and the whole is placed ^in a furnace ; the Thus, in the case of large mirrors as at 125 

temperature is then gradually raised to present constructed, in order to obtain the 

the softening point of the glass or there- necessary rigidity, the thickness is usually 

abouts, when the pressure at the contact not less than one-sixth of the diameter and 

surfaces due to gravity causes the plates great difficulties are experienced, partly 

65 and spacers integrally to unite by fusion due to the limited size of the pots in which JiS 
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the glass is melted, in producing such 
large masses of glass of good quali^ and 
homogeneity. 
In addition, their gi'eat weight renders 
5 them cumbersome to handle not only 
• during the different manufacturing stages, 
for example, figuring, silvering and test- 
ing, but also involves heavy and expen- 
sive mountings for their manipulation 

10 when in use. Further, a mirror of solid 
glass changes its temperature with 
extreme slowness in response to changes of 
temperature of the surrounding aii* and 
thus leads in some cases to internal strains 

15 and distortion.- 

In contradistinction to such solid 
mirroi^s, a mirror according to the present 
invention having an openwork or skeleton 
supporting structure is light and rigid 

20 while due to the circulation of the air 
thi'ough it, which may be artificially 
accelerated if desired, flie structure as a 
whole rapidly responds to changes of tem- 
perature ; in addition with such a struc- 

25 ture, it is possible to secure more perfect 
annealing. 

Finally, openwork mirrors according to 
the present invention may be manufac- 
tured of a size that would scarcely be 

30 possible with the solid type. 

By use of the present invention, there- 
fore, many of the disadvautages of exist- 
ing mirrors pointed out above are to a 
large extent overcome. - 

35 Although in order to make clear the 
nature of the invention, particular forms 
thereof have been described in detail, 
nevertheless such detailed description is 
not intended to restrict the broad scope 

'40 invention as set forth in the Claims 

appendant hereto. 

fiaving now particularly described and 
ascertained the nature of our said inven- 



tion and in what manner the same is to 
be perfonned, we declai»e that what we 45 
claim is: — 

1. A inirror or blank therefor of the 
kind indicated comprising a member or 
part provided with or to be provided with 

a reflecting surface and an openwork or 50 
skeleton supporting structure associated 
therewith, substantially as and for the 
purpose described. 

2. A mirror or blank therefor as claimed 

in Claim 1, comprising two or more discs, 55 
plane or otherwise, similarly arranged and 
held in rigid relation by spacers, substan- 
tially as and for the purpose described. 

3. A method of mauufacturing a glas.s 

or like mirror or blank therefor of the 60 
kind claimed in Claim 1, which consist < 
in assembling the member or part asso- 
ciated with the reflecting siuface in rela- 
tion to one or more similarly arranged 
parts, preferably of the same material, 65 
maintained in position by a series of 
spacers and raising the whole assembly 
to approximately the softening tempera 
ture, with or without pressure other than 
that due to gravity, so that the parts luse 70 
or weld together, substantially as and for 
the pui*pose described. 

4. A naethod of manufacturing a glass 
or like mirror or blank therefor as claimed 

in Claim 3, in which the spacers are main- 75 
tained in the correct position by suitable 
positioning means which is or are subse- 
quently removed, substantially as and for 
the purpose described. 

5. Methods of manufacturing mirrors or 80 
blanks therefor and mirrors or blanks 
therefor so produced, substantially as 
hereinbefore descrilied with reference to 
the accompanying drawing. 

Dated this 30th dav of August, 1928. 

MARKS & CLERK. 
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